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U.S. Patent Appln. S.N. 10/069,145 PATENT 
AMENDMENT 

REMARKS 

This Amendment cancels claims 9 and 13, rewrites claims 8 and 
12, adds' new claim 17, and makes editorial changes to the 
specification. The tetraethoxysilane feature of claims 8 and 12 is 
taken from claim 9. New claim 17 is supported by page 15, lines 5- 
24. Claims 8, 10-12 and 15-17 are pending. 

This Amendment overcomes the objection to the Amendment filed 
July 7, 2005. More particularly, claim 8 has been amended by 
deleting the phrase "up to 25 mol-%" . Reconsideration and 
withdrawal of the new matter objection are earnestly requested. 

This Amendment overcomes the 35 U.S. C. § 112, first paragraph, 
rejection of claims 8-13, 15 and 16. Independent claims 8 and 12 
have been amended by replacing n tetraalkoxysilane" with 
— tetraethoxysilane — . The specification provides a written 
description of the presently-claimed composition and method. See, 
for example, page 6, lines 8-15 of the specification. 
Reconsideration and withdrawal of the 35 U.S.C. § 112, first 
paragraph, rejection of claims 8-13, 15 and 16 are earnestly 
requested. 

This Amendment cancels claim 13. Reconsideration and 
withdrawal of the objection to claim 13 are earnestly requested. 
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U.S. Patent Appln. S.N. 10/069,145 PATENT 
AMENDMENT 

The 35 U.S.C. § 103(a) rejection of claims 8-11 over U.S. 
Patent No. 5,858,280 to Zhang et al. in view of U.S. Patent No. 
5,804,318 to Pinchuk et al . is respectfully traversed. The claimed 
invention is a biodegradable silica xerogel composition which 
contains heparin or a related biologically active acidic 
polysaccharide. The silica xerogel is derived from 

tetraethoxysilane, with part of the tetraethoxysilane being 
replaced by an alkylsubstituted alkoxysilaixe. 

The Patent Office concedes that 2hana et al . fails to disclose 
heparin or a related biologically active acidic polysaccharide in 
combination with a silica gel (Official Action, page 8, lines 8-9) . 
Yet, the Patent Office claims that Zhang et al . f s disclosure of 
methyl-modified silica gel doped with optically functional 
substances discloses modified silica gels containing a biologically 
active agent. See page 5, lines 3-6 and 9-13 of the Official 
Action . 

Nowhere does Zhang et al . define "optically functional 
substances". The two references cited by Zhang et al . report the 
embedding of rhodamine 6G in a silica matrix 1 and the introduction 


*Avnir et al . , n The Nature of the Silica Cage as Reflected by 
Spectral Changes and Enhanced Photostability of Trapped Rhodamine 
6G," 88 J. Phvs. Chem. 5956 (1984) (copy attached). 
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U.S. Patent Appln. S.N. 10/069,145 PATENT 
AMENDMENT 

of an organic dye molecule, 1, 4-dihydroxyanthraquinone, into an 
amorphous silica followed by photochemical hole burning. 2 Neither 
reference discloses or suggests the incorporation of a biologically 
active agent, xmich less heparin or a related biologically active 
acidic polysaccharide, in a silica gel. 

There is simply no motivation or suggestion in Zharyg gt al. to 
incorporate heparin (or its related biologically active acidic 
polysaccharide) into zhancr et al . *s transparent methyl-modified 
silica gel. The Examiner is respectfully requested to either (1) 

withdraw her assertion that ?tamq e£ al.'s incorporation of 

optically functional molecules discloses or suggests the inclusion 
of a biologically active agent into a silica gel in the next Patent 
Office communication, (2) identify by column and line number, where 
such disclosure may be found in zhancr et al - , (3) provide other 
evidence that one of ordinary skill in the art would understand the 
doping of a silica xerogel with optically functional molecules 
discloses the inclusion of a biologically active agent, or (4) if 
the assertion is based on facts within the personal knowledge of 
the Examiner, she is requested to supply an affidavit describing 
such personal knowledge pursuant to 37 C.F.R. § 1.104(d) (2). 


2 Tani et al., w Photochemical Hole-Burning Study of 1,4- 
dihydroxyanthraquinone Doped in Amorphous Silica Prepared by 
Alcoholate Method," 58 *t. addI. Phvs 3559 (1985) (copy attached). 
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U.S. Patent Appln. S.N. 10/069,145 PATENT 
AMENDMENT 

The deficiencies of Zhang et al . are not remedied by the 
additional disclosure of Pinrhuk et al . , which also fails to 
disclose or suggest that heparin or a related biologically active 
acidic polysaccharide can be incorporated into sol-gel derived 
xerogel derived from tetraethoxysilane which has been co-hydrolyzed 
with an alkylsubstituted alkoxysilane, or that heparin may be 
controllably released from the xerogel • Instead, pjnchuk et al - 
discloses a surface coating comprising a non^slljgQ hydrogel 
containing pendant primary and tertiary amine groups (Col. 3, lines 
26-29) . 

Pinchuk et al . is cited to show an epoxy-f unctionalized, 
silane primed catheter dipped into a hydrogel solution containing 
2% heparin. However, the silane coupling agent is used only for 
silylation of the surface of the material to be coated. The 
coating itself is not made of sol-gel derived silica xerogel 
derived from tetraalkoxysilane. 

Pinchuk et al . expressly teaches the anticoagulant agent is 
bound to quaternary ammonium cations present in its hydrophilic 
polymer matrix (non-silica) hydrogel. See Col. 3, lines 31-33, 
Col. 5, lines 13-15 and Fig. 4. There is no teaching or suggestion 
that heparin may be controllably released from a sol-gel derived 
silica xerogel derived from tetraethoxysilane. Accordingly, there 
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is no motivation or suggestion to confine the references as 
proposed by the Patent Office. 

The results of dissolution experiments on the claimed silica 
xerogel suggest heparin is released by silica matrix erosion and 
diffusion (Specification, page 13, lines 6-16). Dissolution of 
heparin by diffusion suggests that the claimed silica xerogel 
contains the biologically active agent by physical, occlusion rather 
than by chemical bonding. In contrast, Pinchuck et aJL chemically 
bonds heparin to the quaternary ammonium groups on the surface of 
its coated substrate (Col- 5, lines 12-18). 

One of ordinary skill in the art, seeking a biodegradable 
silica xerogel composition which is capable of controlled release 
of heparin, would not be led to the claimed composition by Zhang 
al , and Pinchuk et al . Reconsideration and withdrawal of the 
obviousness rejection of claims 8-11 over Zhang et al. in view of 
Pinchuk et al . are earnestly requested. 

The 35 U.S.C. § 103(a) rejection of claims 8-11 over £uncova 
et al . , 60 Col lec t . Czech , Chem . Commun , 1573 (1995) in view of 
Pinchuk et al . is respectfully traversed. A feature of the claimed 
biodegradable composition is the partial replacement of 
tetraethoxysilane with an a lkyl substituted alkoxysilane . A second 
feature is the presence of heparin or a related biologically active 
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acidic polysaccharide. The inventors have discovered a 

biodegradable composition comprising a silica xerogel which is 
capable of controlled release heparin or a related biologically 
active acidic polysaccharide. 

The combination of TCim^ova at al. and gj nC huk et al . fails to 
raise a prima facie case of obviousness against the claimed 
composition. Kuncova et al . is directed to the immobi U??t;ion of 
lipase into an organic -inorganic matrix, and thus fails to disclose 
or suggest a biodegradable composition for controlled relets of 
heparin or a related biologically active acidic polysaccharide from 
a carrier. Moreover, Kuncova et al . fails to disclose the partial 
replacement of tetraethoxysilane with an alkylsubstituted 
alkoxysilane. 

The deficiencies or Kuncova et al . are not remedied by the 
additional disclosure of Pinchuk et al . , which merely discloses a 
non -silica hydrogel bound to a surface to be coated by a silane 
coupling agent, and the chemical bonding of heparin to the 
quaternary ammonium groups on the surface of Pinchuk — e£ — al^'s 
substrate. One of ordinary skill in the art would not be led to 
the prepare a silica xerogel in which heparin (or a related 
biologically active acidic polysaccharide) is physically embedded 
and which can be controllably released from the silic.a matrix. 
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Reconsideration and withdrawal of the obviousness rejection of 
claims 8-11 over Kuncova et al . in view of Pinchuk et al . is 
respectfully requested. 

It is believed this application is in condition for allowance. 
Reconsideration and withdrawal of all rejections of claims 8-11, 
and issuance of a Notice of Allowance directed to claims 8, 10-12 
and 15-17, are earnestly requested. The Examiner is urged to 
telephone the undersigned should she believe any further action is 
required for allowance. 

It is not believed any fee is required for entry and 
consideration of this Amendment. Nevertheless, the Commissioner is 
authorized to charge our Deposit Account No. 50-1258 in the amount 
of any such required fee. 


Atty. Case No.: TOR- 12 5 
100 Daingerfield Road 
Suite 100 

Alexandria, Virginia 22314 
Telephone: (703) 838-0445 
Facsimile: (703) 838-0447 

Enclosures : 

Avnir et al - , 88 J - Phvs. Chem, 5956 (1984) 
Tani et al . , 58 J. Apt>1 , Phvs, 3559 (1985) 
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Photochemical hole-burning study of 1,4-dihydroxyanthraquJnone 
doped in amorphous silica prepared by alcohotate method 

Toahiro Tani, HfrosN Narrtkawa, and Kazuo Aral 

Electwtechnkat Laboratory* 1-1-4 Um&ono. Sakura-mura Nilhari-gun lbar*hi305. Japan 

AWo MaKishlma 

National Institute for Research in Inorganic Materials. 1-1 Mamikt Sakura-mura Niihari-gun Ibaroki 30X 
Japan 

(Received 30 March 1985; accepted for publication 25 July 1985) 

Preparation of amorphous silica doped with organic dye molecules, 1 ,4-dihydroxy . 
anthraquinone, and the observation of the amorphous structure of this system by photochemical 
hole burning using the dye molecules as a spectral probe are reported. The various kinds of 
organic molecule-doped inorganic glassy materials are obtained with the alcohol ate method. The 
appearance of the photochemical hole In this system shows the molecular dispersion of the dye 
molecules in the matrix without cracking or decomposition. The burning yield, 1.2 X 10~ 4 , is the 
same as that observed in organic glasses. The intrinsic holewidth, 0.9 cm*" 1 at zero burning time 
limit, the burmng-Urne dependence and the annealing effects on the hole profile were observed 
and compared with those in the alcoholic organic glass. It is suggested that the nearest-neighbor 
structures around quinizariii molecules consist of some hydroxy! groups. The matrix cages seem 
to be fairly tight and rigid in comparison with those of the alcoholic glass. The possibility that the 
quinizarin molecule or molecules are embedded within the pore of amorphous Si0 2 with some 
amount of solvent molecules, mainly ethanol or water, seems to be excluded. The annealing effects 
of the burned hole indicate that there exist two kinds of mechanisms which dominate the 
temperature dependence of the holewidth in the present system. One is already dominant below 
about 27 K which gives rise to the reversible behavior in the holewidth with temperature, and the 
other becomes effective above 27 K and is irreversible with temperature cycling. Some discussions 
are given on the origin of these relaxation mechanisms in this system which are inherent in the 
structure of amorphous materials. 


I. INTRODUCTION 

Among the techniques used to prepare oxide glasses the 
alcoholate method/' 2 a kind of sol-gel method, has the fol- 
lowing advantage over conventional techniques; that is. ic 
gives glasses at fairly low temperatures (1200 *C at most). 
This enables us to chemically prepare glasses of new compo- 
sition which could not be obtained with ordinary high-tem- 
perature melt quenching. 

Prom the point of view of materia] science, structural 
disorder and Us effects on the electronic structures have been 
an important problem in amorphous solids. Ever since the 
anomalous contribution to the specific heat of silica glass 
was reported below 1 K, 3 extensive experimental efforts 
have been devoted to understand the dynamical aspects of 
disordered solids. Although the observed phenomena seem 
to be consistent with the theoretical model 4 ' 5 based on the 
existence of two-level systems (TLS's), the microscopic na- 
ture of TLS*s is still not understood. 

In our attempt to gain further insight into the structures 
and dynamical properties of amorphous solids at low tem- 
peratures, we tried to introduce photosensitive "organic dye 
molecules" into the inorganic silica glass matrix" and to 
probe the glass structures by photochemical hole-burning 
spectroscopy. Although silica glass is a typical amorphous 
oxide, the doping of thermally dissociative components in it 
has never been realized due to its high melting temperature. 


Adopting the method stated above, however, we successfully 
obtained the organic molecule-doped morgantc glassy mate- 
rials as a molecular dispersion* which is stable at ambient. 
The burned hole profile in the system described below is 
demonstrated in Fig. 1, which shows a sharp zero-phonon 
bole at the same wavelength of the laser light and a broad 
side hole at the longer wavelengths. The appearance of a 
persistent hole is the most convincing evidence of the molec- 
ular dispersion in the solid. Some information on the struc- 
ture of the matrix cage can also be obtained from the profiles 
of hole spectra. 

Photochemical hole burning (FHB) is a kind of photo- 
bleaching technique which utilizes a site selective photo- 
induced reaction to form a persistent hole in the inhomogen- 
eously broadened absorption band by laser light irradia- 
tion. 6 ^ It is a high-resolution molecular spectroscopy which 
enables one to observe the homogeneous line profile of site- 
selected molecules. It has attracted wide attention since the 
possible application was proposed for a frequency selective 
optical data storage system with more than lO 3 times higher 
than the upper limit of the storage density of the present 
optical disk system. 10 * 1 1 Our new material, the photoreactive 
molecule or molecular aggregates doped in the glassy sihea 
matrix, is a good candidate as a storage material due to the 
rigidity and stability of the matrix in comparison with or- 
ganic matrices. 
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FIG. 1. Photochemical hofe spoctrcm burned at 4.8 K. Sample is 1.4-dihy- 
droxyanthr&qinjjooe doped in the imarphouasilic*. Laser ttght (520JS3 nm) 
of 0.74 mW/cio 2 wa» irradiated into the 0-0 excitation band for 30 nrin. 
Broken line indicates the position of absorption spectrum before burning. 
Resolution of the measurement (0.08 A| is indicated in the figure. 

In the following, after the preparation of the amorphous 
silica doped with organic dye molecules is described, we 
present the results an the PHB observation at liquid-helium 
temperatures together with the absorption and fluorescence 
spectra measured at room temperature. Qualitative discus* 
sions are given on these observations. 

II. EXPERIMENTS 

A. Sample preparation 

We used l l 4-dmydroxy-9 v 10-anthraquinone (DAQ, 
Quinizarin) as the phot ©reactive molecules and tetraethoxy- 
silane, Si(OC 2 H, as the starting material for silica gel glass 
formation. Quinizarin was purified by the recrystatlization 
from an ethanol/bcnzcfie mixed solvent (1:2 In volume) at 
70 °C. The residual solvents were removed by drying at 60 
for 1 h under evacuation (10' 3 Torr). Quinizarin was dis- 
solved into the spectroscopic grade ethanol to the concentra- 
tion of 10"* mot/mol. The organic molecules are dissolved 
at first in the solvent then the tetraethoxysilane. A quinizar- 
in/ethano) solution of 11.4 cm 3 in volume, Si(OC?K 5 | 4 of 
10. 0 cm 1 and distilled water of 3.7 cm 3 were measured into 
the 100-cxn 3 beaker and mixed together to a homogeneous 
solution. The hydrolysis for gelHng was carried out at 60 *C 
with (M-cnr 5 HCI (pK = 5) as the catalyst. The gel so ob- 
tained was then kept at 40 *C with relative humidity for 
three days. The resultant solid is stiff, transparent, and yd- 
low-colored noncrystalline material with smooth surfaces. 
Quinizarin seems to be dissolved in the solid homogeneously 
without macroscopic segregation- The dimension of the disk 
is 28 mm in diameter and 3 mm in thickness. The acidic, or at 
least neutral, hydrolysis of SijOCjH^ is a necessary condi- 
tio*! for the formation of monolithic silica gel, which is dif- 
ferent from the results of Avnir et aL 12 Under the basic con- 
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dition the syneresia occurs quite often and the gel takes 
microgram structure, The organic molecules are likely to be 
expelled with solvents from the grains during condensation. 
The detailed explanation on the preparation of the organic 
molecule-doped inorganic amorphous siHca and its relatives 
are discussed elsewhere. 13 

The quimzarin/amorphous Si0 2 system (DAQ/tf-SiOj ) 
formed above was separated to several pieces with diamond 
cutter and used for measurement without further sample 
treatment such as polishing. 

B. Instruments 

The newly developed DAQ/o-SiO a material was evalu- 
ated by two optical methods. One is the absorption and flu- 
orescence spectra observed at room temperature in the visi- 
ble wavelength region and the other is the PHB spectroscopy 
at liquid-helium temperatures. In particular, the latter is 
useful to get the microscopic information on the structure 
and interaction between the photo reactive molecules and 
their surroundings. 

The absorption Bpectra were measured with convention- 
al spectrophotometer (model 323, Hitachi) and the fluores- 
cence spectra were obtained with a fluorescence spectropho- 
tometer (MPF-4, Hitachi). The PHB experiments were 
performed with a cw krypton ion laser (CR-3000K* Coher- 
ent) operated at 520. 83 nm for burning holes at low tempera- 
tures. The samples were cooled down to liquid- helium 
temperature region with the continuous flow temperature- 
variable cryostat (CF-204, Oxford). The burned holes were 
detected at various temperatures by measuring the transmis- 
sion spectra with 1-m monochromator (1704, Spex). A grat- 
ing with a dispersion of 8 A/mm and slit width of 1 0/irn give 
the resolution of about 0.08 k. The monochromaic light 
from 150-W tungsten/halogen lamp was focused through 
the sample onto the photomultiplier (R376> Hamamatsu). 
Signals were detected phase sensitively and recorded on the 
strip-chart recorder. 


III. RESULTS AND DISCUSSIONS 

The absorption spectrum of DAQ/a-5i0 2 system in the 
visible region measured at room temperature is shown in 
Fig. 2(a). curve A. The spectrum of quinizarin in the solution 
of SifOC^U/ethanol/water with KC1 as a catalyst just 
after mixing (curve B) and that in 3:1 mixed solvent of eth- 
anol and methanol (curve C) are also shown for comparison. 
The comparatively large background of curve A and its in- 
crease at shorter wavelength region is mainly due to the sur- 
face scattering of the sample. The fluorescence spectrum of 
]DAQ/fl-Sr0 2 system and those of quinizarin in the other two 
solutions are shown in Fig. 2(b). As can be seen in the figure, 
the profiles of absorption spectra in DAQ/a-Si0 2 system 
resemble generally well those of quinizarin in the liquid solu- 
tions. Spectral profiles of fluorescence of quinizarin in the 
three media are almost equal to each other and show no 
dependence on the excitation wavelength =280, 330, 
and 400 nm). These indicate that the quinizarin molecules 
are incorporated within the bulk of amorphous silica with- 
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HO. 2. Absorption (»} and fluorescence {b) spectra of qunniznrin in amor- 
phous silica measured at room temperature are shown in comparaoo with 
those in two solutions, In the figures, curve A correspond* to tbe spectrum 
in the amorphous abea, curve B in Si^OCjH, Methanol/ water solution, 
cur^C methanol/methanol 3: 1 mixed solvent, retpectivdy. In the absorp- 
tion specrum of DAQ/a-90„ wavelength of the laser light is indicated by 


out changing chemically. Moreover, assuming that the oscil- 
lator strength of the molecules is the same in tbe solutions 
and in the rigid matrix, tbe density of quinizarin molecules in 
the amorphous silica estimated from the curve A in Fig. 2(a) 
is almost equal to that calculated from the starting density 
simply by taking the volume contraction into account. This 
confirms further that the doped quinizarin molecules are 
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dispersed in the amorphous silica without cracking or de- 
composition. 

There exist, of course several differences among the 
spectra if examined more closely and some of them are noted 
below. In the absorption spectra, five vibrational structures 
are observed. Their positions are almost same in the alcohol- 
ic solvent and in the SifOCjHjk solution. The solvation ef- 
fect on quinizarin molecules seems to be effectively equal in 
both liquids. However, the spectrum of DAQAx-SiQj system 
is different from these two. The vibrational structures are 
broadened and the 0-0 transition observed at 514 nm in the 
solutions is shifted to longer wavelength (A/t«7 nm). The 
vibrational components in tbe fluorescence spectra are 
broader than those in the absorption spectra and only two 
peaks and one shoulder are distinguished. In tins case, how- 
ever, the change in the broadening from the liquids to the 
amorphous Si0 2 is not detectable. Another notable point in 
the fluorescence spectra is that the shift of the peaks towards 
longer wavelength occurs sequentially from alcoholic sol* 
vent through SifOCjH^ solution to amorphous SiO a which 
is different from those in absorption spectra stated above. 
The total amount of the red shift from alcoholic solvent to 
amorphous SiOj is about 7 run which is almost equal to that 
observed in the absorption spectra. But the shift from alco- 
holic solvent to SifOC^U solution is about 4 nm, while the 
corresponding shift is almost zero in the absorption. Among 
these, the broadening of the vibrational structures observed 
in the absorption indicates that the nearest-neighbor struc- 
tures around quinizarin molecules or the wall structure of 
the matrix cage is not so simple as the cluster structure of 
solvation in the solutions if we could compare with solvents. 
As for the shift of the spectrum observed, the polarity and 
conformational structure around qu inizarin may be serious- 
ly affected. The formation of the cage during condensation 
and the rigidity should be examined carefully. We observed 
blue shifts of absorption and/or fluorescence spectra as weD 
as red shifts in some other cases of organic functional mole- 
cules. The optical observations on the various kinds of or- 
ganic molecule-doped amorphous SiQj systems will be re- 
ported elsewhere. 14 

The behavior of photochemical hole generation is dis- 
cussed in the following. The hole is burned by the laser light 
irradiation with the intensity of 0.74 mW/cm 2 at 520.83 nm 
in wavelength. Typical profiles of the hole growth at 4.8 K 
under successive burning times arc shown in Fig. 3. An ob- 
servable hole appears with a few seconds exposure at most 
and the wavelength is coincident with the laser light within 
the experimental accuracy. After two minutes of irradiation, 
a broad sidehole also appears at lower energy side of the 
sharp lero-phonon hole. The appearance of the phonon side- 
band means that an interaction is strong to some extent 15 
between the electrons in the quinizarin and phono as in the 
surrounding matrix. 

The mechanism of hole burning in DAQ/a-SiOj system 
seems to be photochemical in nature and not photophysical, 
judging from its burning yield (Table I). It is 1.2 X 10~* and 
is equal to the one observed in the alcoholic glass, where the 
photochemical hole burning is considered to occ ur . Photo- 
physical mechanism usually gives the yield of 10 6 or less, 1 6 

TarieiM 3561 


PACE 17725 • RCVD AT 11/2/2005 12:38:52 PM [Eastern Standard TimeJ " SVR:USPTO-EFXRF-6/25 * DNIS:2738300 * CSID:703 838 0447 * DURATION <mm-ss): 16-40 


Nov 02 2005 1:57PM HP LRSER JET FAX 


(703) 838-0447 


p. 18 


OAQ/i-SiO) 

-/O min 






4JQK 


OK cm? 

^ 1 . 1 ■ 



530 520 510 

-•—Wavelength (nm) 

FIO. 3. Hole growth profile with increasing the burning time at 4.B K. 
Burning condition* are the tame as in Kg. 1 . 

Bunting-time dependences of the zero-phonon hokwidth 
are plotted hi Fig. 4. The observed linewidth increases al- 
most linearly with burning time and saturation broadening 
does not appear within the present experimental conditions. 
For short burning time t, the width of the hole T h increases 
as 17 - 18 

r h (t)-r 0 [i + o(i/fe L ^at], (i) 

where a is the absorption cross section, I and a>l the laser 
light intensity and frequency, $ the photochemical yield, a 
the Debye-Waltcr factor, and * the Plank's constant. This 
model assumes phenomenologically a Lorentzian line shape 
of molecular absorption irrespective of its tine broadening 
mechanism. The observed line shape of zero-phonon hole is 
almost Lorentzian as can be seen from Fig. 1. Adopting the 
model expressed in Eq. (1), the intrinsic hoiewidth T 0 ex- 
trapolated to t = 0 in this system is 0.9 cm~ 1 at 4.8 K. 

The important properties of hole profiles appear in the 
behavior of hole width with temperature change. We adopt- 
ed here two kinds of thermal annealing procedures which 
affect the set of molecules site selected by the bole burning. 18 
The hole was burnt at the base temperature (4.7- 4.8 K|. ( 1 ) 
The first procedure is a stepwise annealing where the tem- 
perature of the sample was raised in successive steps. The 


TABLE L Quantum yidds of PHB («U Debye-WaHer factors (a), and ab- 
sorption cross sections (17) of qutnizarin in the matrices. 






matrix 

(4.8 K) 




L2X 10-' 

0.20 

6.4X10- 15 

EtOH/MeOH 

1-2X10~ 4 

0.13 

6.4X 10** " 


•Both ff% are the values In the solutions at room t em pe r at u re. 
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0 10 20 30 

Burning time ( min ) 

FIO. 4. Hokwidth as a function of the successive burning time TVo sets of 
data were obtained at different runs 00 the same sample. 

hole profiles were observed at the base temperature at first 
and then at every elevated temperature, (2) The second one is 
a cycle annealing where the temperature of the sample was 
raised to a prescribed temperature and, after being kept for 
more than five minutes, cooled again rapidly to the base tem- 
perature at each cycle. In the cycle annealing, therefore, the 
hole profiles were all measured at the base temperature. The 
second procedure reveals the irreversible process, which 
may occur during the temperature cyclings and contribute 
to the hole profile, while the first one reveals both the reversi- 
ble and irreversible process with increasing temperature. 

The temperature change of the hole spectra obtained by 
stepwise annealing is shown in Fig. 5. The depth of zero- 
phonon hole decreases steeply with increasing temperature 
and almost disappears at 34. 1 K. The data points in Fig. 6 
(curve A) show the temperature change of the full width at 
half depth of hole spectra shown in Fig. 5. The solid line in 
Fig. 6 (curve A) is the fitted curve to the data points and is 
expressed as 

r A (r ) m 1.2 + 1.22X KT 2 r i f [cm-% (2) 

which is almost proportional to the square of the tempera- 
ture. 

The most noticeable property observed in DAQ/a-Si0 2 
system appears fn the temperature change obtained by the 
cycle annealing. The observation of hole spectra at base tern* 
perature was possible even after the cycle annealing as high 
as 67 K. The linewidth of the hole almost perfectly recovers 
under the temperature cycling up to 27 K as is seen in Fig. 6 
(curve B) . However, the linewidth begins to grow at tempera- 
tures higher than 30 K and the irreversible component in- 
creases rather slowly with raising the cycle temperatures. 
These behaviors are quite different from those observed in 
the organic systems like ethanot/methanol glass* where the 
irreversible change obtained by the cycle annealing is large 
and increases steeply with cycle temperatures and the hole 
cannot be observed after the annealing above 30 EC. 19 

It should be noted here that the appearance of the fiat 
portion in Fig. 6 (curve B) below 27 K is not due to any 
experimental artifact such as the laser spectral linewidth or 
the spectral resolution of the monochrome tor. The latter is 
about 0.08 A (0.3 cm" 1 ) as is described in the experimental 
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FIG. 5. Temperature 
change of the hole spectre 
under the stepwise anneal- 
inf (see text). Hole wu 
burnt at 4.8 K at first and 
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at each elevated tempera- 
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section and the former is several times narrower. Actually, 
the direct observation of the spectrum of the laser light used 
for the burning satisfied these properties sufficiently. 

As is mentioned earlier, the frequency-selective photo- 
chemistry of PHB involves only a specific subset of photo- 
reactive molecules without affecting the other subsets in the 
matrix. Therefore, the appearance of holes indicates that 
qumizarin molecules are dispersed and sufficiently isolated 
each other in the amorphous Si0 2 matrix. 




DAQ/a-SiOj 

6 
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FIG. 6. Data points in curve A show the temperature dependence of the 
hdewidth under the stepwise annealing shown m Fig. 3, while solid line in 
curve Aii the fitted curve expressed toEq. (2). Data points incurve B show 
the annealing temperature dependence of the bokwidth nndcr tnccycYr an- 
neahng. In curves B and C the data points arc plotted e& a function of cyde 
annealing temperature* and hole spectra were all measured at the base tem- 
perature (see text). 


The burning-time dependence of the zero-phonon 
holewidth shown in Fig. 4 can be understood by the simple 
model expressed in Eq. ( 1 ). The parameters which are used in 
the present analysis are listed in Table 1. The corresponding 
values in case of ethanol /methanol are also shown in the 
table for comparison. The hole-burning yield <fi is estimated 
from the intensity of zero-phonon hole spectrum under con- 
ditions where the prion on sidehole is not yet observable- The 
value 0 in amorphous SiO a is same as in the alcoholic glass. 
The Dcbye-Waller factor a is roughly estimated from the 
spectra shown in Fig. 4. The absorption cross section v is 
deduced from the absorption spectra in the S^OC^Hs)* solu- 
tion at room temperature just after mixing. This value is 
same as in the alcoholic solvent at room temperature and we 
assume that it also does not change in the rigid a-Si0 2 matrix 
at low temperatures. From the laser intensity I, its frequency 
a^, and the value listed in Table I, the slope of the time 
dependence in Eq. (1) is estimated as 2.3 X t0~ 2 min~ \ 
which agrees well to the observed value of 1 .7 X 10~ 2 min~ 1 
within our experimental accuracy. 

Interestingly, though the slope at short burning time 
region observed in the ethanol/ methanol matrix is more 
than one order of magnitude larger 19 than in the amorphous 
S10 2 . the extrapolated holewidth T 0 is roughly the same in 
both matrices (1.1 cm" 1 in the former and 0.9 cm -1 in the 
latter). r 0 reflects the optical dephaaing and/or relaxation 
processes which take place during the excitation. In other 
words, r 0 should depend upon the environments of the mol- 
ecules. Therefore, the fact that r 0 *s in the amorphous S1O2 
and ethanol/methanol matrix are almost equal to each other 
suggests that at least the nearest-neighbor structure of the 
quinizarin in the amorphous StO a is effectively the same as in 
the alcoholic matrix. We have assumed in this context that 
the photochemical reaction for hole formation is common in 
both cases. 

In relation to the structure of the nearest neighbors, the 
existance of micropores in the gel glasses prepared with HCl 
as catalyst, 20 seems noteworthy. The size distribution has 
two peaks around 20 and 70 A in case that the heat treatment 
temperatures are lower than 400 "C As our system is not 
heat treated higher than 60 *C, it must also contain a lot of 
pores. Even the smaller size of pore seems to be sufficient to 
accomodate the dye molecule. If the surface of the pores 
consists of the hydrogen-bonded silanol groups, 20 the near- 
est-neighbor surroundings of quinizarin in the amorphous 
Si0 2 seems to resemble the one in the alcoholic matrix; that 
is, hydroxylic nature of the surroundings. However, the dif- 
ferent behaviors in the burning time dependence and the an- 
nealing effects on the hole profiles from those observed in the 
alcoholic glass suggest that the quinizarin molecules are not 
enclosed within bulk layer of ethanol and water molecules, 
the assemblies of which being embedded in the amorphous 
SK>2. but are almost directly embedded in the inorganic ma- 
trix. Of course, we cannot exclude the possibility that one or 
a few molecules of ethanol or water may be joined with a 
quinizarin molecule in a cage of the amorphous SK> 2 ma- 
trix." 

As for the optica] properties in the disordered solids, 
some theoretical models were proposed recently to explain 
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the temperature dependences of optical linewidtlv which 
take into account the Interaction between the dye molecules 
(or impurity centers) and phenomenologi cal TLS's which are 
inherent to the amorphous state. Among these, only Lyo and 
Orbach's model 21 predicts a homogeneous Hnewidth pro- 
portional to the square of the temperature at tow tempera- 
tures. Tee experimental result shown in Fig. 6 (curve A), 
expressed as in Eq. (2} f seems to be interpreted by the predic- 
tion of the Lyo and Orbach's model. Phanon-induced fluctu- 
ations of the TLS in thermal equilibrium give rise to an inter- 
ruption of the phase of the quinizarm via the electrostatic 
interaction. Here we have to take into account the behavior 
of holewidth under the cycle annealing. As is shown in Fig. 6 
(curve B), the irreversible changes in the holewidth were 
scarcely observed in the temperature cyclings up to about 27 
K. These observations may indicate that there exist certain 
TLS's in amorphous Si0 2 matrix working for the reversible 
line broadening process in the observed temperature region 
(5-27 K) but they do not contribute to the hysteresis. 

The appearance of irreversible annealing effect above 27 
K is the most notable feature in the DAQ/a-SiO a system. 
This anomaly reveals itself in the temperature change of the 
holewidth only and not of the bole depth, as can be seen from 
Fig. 6 (curves B and C). This suggests that the hole filling 
backward reaction of photoproducts is thermally induced 
monotonically and that the anomaly should be related to the 
relaxation processes which give rise to further broadening of 
the hole in addition to the reversible one due to the change in 
the ground-state distribution of the sites. The microscopic 
origin of these processes cannot be identified at present. So 
for, we simply propose two possible mechanisms by intensive 
review of the literature, which should be verified through 
further experimental investigations. 

In the ultrasonic attenuation, 22 " 24 the relaxation pro* 
cess, w hich begins to increase its con tribu ti on at about 30 K 
and seems to be most effective at around 60 K, is also ob- 
served in the silica glass, Anderson and Bommel assumed 
that in vitreous silica oxygen atoms can move perpendicular- 
ly to their bond direction at around 60 K.* 2 This relaxation 
process can be one possible origin of the anomaly in the 
holewidth above 27 K. 

In the amorphous Si0 2 matrix, on the other hand, there 
remains considerable amount of water and organic groups 
( — OC2H5, ~ OH, etc) due to insufficient polymerization. 
Residual water is confirmed by the infrared absorption mea- 
surement, 20 for instance. These residual groups may be sta- 
ble in the local minima of their potential surfaces at low 
enough temperatures, but will begin to rotate or move over 
the barriers to be distributed to other extrema at elevated 
temperatures. This reorientation of residual organic groups 
in the matrix may cause the irreversible change of the local 
fields at the dye molecules when the system is quenched to 
the base temperature after cycle annealing and results in the 
hysteresis as observed in the experiments. For example, the 
reorientation of ester ethyl groups in polyethy l mcthacrylate 
occurs in the temperature region from 30 to '60 K, which is 
confirmed by the internal friction, 25 nuclear magnetic reson- 
ances, 2 * dielectric and ultrasonic observations, 27 if the com- 
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parison with the polymers is desired. Further experiments 
on the amorphous SiOj matrix in which the amount of the 
residual groups and/or water are controlled are of utmost 
importance. 

These two mechanisms which are both dominant above 
27 KL, are considered to be induced by thermally activated 
hopping process rather than phonon-assisted tunnelling. Be- 
low 27 K, there seems to exist a reversible hole broadening 
mechanism. From the burning-time behavior at 4.8 K and 
the cycle annealing properties of the holewidth, the nature is 
considered not like the TLS's proposed in the alcoholic 
glass 18 but like those characteristic in the silica glass. In the 
silica glass prepared by the conventional technique the 
anomaly in the specific heat observed in very low tempera- 
tures seems to disappear above 1 K. 3 This anomaly is accept- 
ed as a typical evidence of the existence of TLS in the glass. 
Though the impurities or some detailed structures being dif- 
ferent in the two systems, it seems natural to consider the 
TLS's in the silica glass mentioned above also exist in the 
present amorphous Si0 3 system. 

As related systems to the DAQ/c-SiOj .the DAQ/boric 
acid glass 18 and free-base porphin/boric acid glass 28 seem to 
be interesting. Though the detailed temperature dependence 
is not clear in the former, the linewidth of the hole seems 
almost equal to that of the DAQ/a-Si0 2 system. The boric 
acid glass usually contains lots of the hydroxy 1 groups and is 
called a hydrogen-bonded glass. Therefore, it is possible that 
the nearest neighbor structures around quiruzarin are effec- 
tively equal in both cases by the same reason discussed be- 
fore. 

We add briefly the comment on the sideholc. 1 * The ap- 
pearance of the sidehole indicates that the coupling between 
the molecules and the low-energy excitations, mainly phon- 
ons, in the matrix is not negligible. Assuming single phonon 
mode is dominant, Huang-Rhys factor [S) deduced from 
JDebye-Waller factor by the relation a = exp( — S) and the 
dominant phonon energy are roughly estimated as 1.6 and 
13 cm' 1 , r e s pec ti vely, from the spectra shown in Figs. 1, 3, 
and 5. The S value of 1.6 larger than 1.0 indicates that the 
coupling is intermediate in strength but weaker than in eth- 
anol/methanol glass in our data (S = 2.0). 19 

Yet another comment is on the DAQ/a-SiOj system as 
an aspect of new hybrid organic-inorganic materials both 
from fundamental and practical points of view. Adopting 
the alcoholate method, we can introduce various organic 
molecules 13 into the inorganic oxide glasses with variety of 
compositions such as SiOj, GeO* BjOj, P a O s , TiO* and 
their mixtures. These organic molecule -doped inorganic 
glassy materials in the molecular dispersion may provide a 
new field in the material science, A part of its possibility has 
been shown in our present experiment The materials will be 
promising also for various kinds of optical and optoelec- 
tronic applications including the PHB memory due to the 
advantage of the rigidity and stability of the inorganic glassy 
matrices which keep alive the function of organic molecule 
and molecule itself. It can also be a milestone for the future 
molecular electronic materials. The materials including the 
one described in this paper as well as the applications are 
Japanese patent (September 19, 1984) pending. 
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Plasma exposure to the solid sample of viologen was performed 
in a 25-mL Ertertmeyer flask. The sample was tben mixed with 
degassed DMF and the spectra measured. 

ESR spectra were measured on a quartz probe at room tem- 
perature using JES-FEIX spectrometer (Nippon Denshi Ltd.). 
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Rhodamine 6G was embedded in a matrix of silica gel glass by the sol to gel technique. The special features of anf 
oxide glass as a carrier of an organic dye are discussed in comparison with other solid environments, such as adsftT 
powders and within porous glasses; thin fflrns, and doping of plastic matrices. Among the advantages mentioned arc ptitf 
of the glass: matrix, i tra^^. .of' the^ dye .molecule, and its total isolation from undesired interactions with its ns(_ 
dye molecules, impurities, and photo^jecoih^b^ products; ncnleachability of the dye;. the ability to reach stable|| 
dye concentrations; reduction of translatSonal, rotational, and vibrational degrees of freedom of the trapped dye; good tf*- 
dovvn to the LTV. Embedding R6G in the silica glass enables one to reach high concentrations without undesirable dye j 
Stokes shift is Larger in the glass than in water. Photostabflity of the dye is higher in the glass than in water. A.-f|| 
front- face fluorescence stability is observed. These observations, and a critical review of the literature, are used t$ 
the nature of the silica glass cage: it is suggested that it is a hydraxyHc polar environment, though somewhat lessj 
water . The rigidity of the Cage is discussed in terms of required reorientation of the environment around an exoj 


Introdnction 

Organic laser dyes hive found in the past two decades an 
increasing Variety of applications in spectroscopy, in optics, and 
in lasers. Rhodamine 6G (R6Gp has been one of the most fre- 
quently useti probes in these studijes, due to its high quantum yield 
ctf fluorescence, absorption and emission in the visible 500-600-nm 
range, and good laser properties 1 

One of the key problems in the investigation and application 
of organic laser dyes is the matrix which hosts the dye. This is 
Hat siirr>rising, since the nature of the matrix affects virtually all 
characteristics Of thfcxly^ eg:, it causes iroectrar shifts of both 
absorption and emission, jt affects photosubility, arid it alters the 
ffistribtrticn between r^roces^ tJhe excited state may undergo, such 
as mtersystem crossing, collisional energy loss, and consequently 
also fluorescence lifetime. 1 

Special attention has been given to solid matrices, including 
solid solutions,: in contradistinction to fluid environments. The 
solid: ermronmerrts used to carry R6G as well as other fluorescent 
organic dyes may be grouped into four categories: (a ) high surface 
area powdered materials in slurries or as colloids, 2 such as our 
recent study of R6G adsorbed on clays, 3 (b) high surface area 
porous glasses, 4 ' 5 such as our study of fluorescent organometalHc 
compounds adsorbed on Vycor porous glass and on disks of 
compressed fumed silica, 6 (c) polymeric blocks and thin films in 
which the dye is homogeneously distributed** <d) monolayers and 
submonolayers of low surface area supports; 9 Here wb wish to 
describe yet another solid matrix offering several unique features, 
namely, an inorganic oxide gtasi:^\^ ^\ii^^^^^^ em- 
bedded. Recent development^ ip the iowWempe^ratufe sol-gel 
process of oxide-glass preparations 16 * 11 opened the possibility to 
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use these superior materials instead of organic carrie 
Ically we report here some preliminary observations n 
system R6O*Cr/s0ica gel glass. Of special interesj| 
increase in fluorescence stability, the lack of aggrej 
concentration cf 10" 4 M and higher, the increase in Sto 
and die UV transparency of the matrix. Unexpectedly 
of decrease in front-face fluorescence intensity of the do* 
was lower than the rate of absorption fading. 

Advantages of the New Solid Dye Carrier 

We list now a number of advantages in using an ino 
as a carrier for organic dyes, in comparison to fluid t 
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Glass 

Jiofid matrices described above: 

translation Inlermokcular 
^ctiyatioobthus avoided. Each molecule is trapped 

^Unpurities in the dye are isolated and do not interfere 
*e (phc4o)processes. Embedding the dye in the glass 
Effective purification of the dye, 

photodecompoaitioii product* do not migrate and 
^facilitate further photodecomposition. 
^^^^crroeable organic plastics, and unlike adsorbed dyes, 
J-culcof interest is totally i&olated from surrounding gas, 

or polymeric environments, 
fe&ere limitation of plastic carriers 7 and organic, solvents 13 
^^^tostabilityairi Silica glass 

lemically and can tolerate heat well above organic 

juw temperatures. 

nc^oped glass is nonleachablo (see below), Leachabdity 
>blem ia films or in porous supports which carry the dye 

^^h^soUd cage reduces internal rotational modes in the dye, 
rthablY to a greater extent than the relatively flexible organic 
molecules. Rotational relaxation of the excited state of 
is onc of the main modes of nonradiative energy loss. 13 
of the dye molecules from each other enables one 
rentionaJ high dye concentration, without changing 
^onment, from the points of view of chemical 
Jfcrobability of deactivation processes <e,g., aggre- 
anskftonal collision). In other words, optical con-, 
fc^jb as reahsotption processes; become isolated from 
igh^ncentration interferences. ^ ■" 
sties absorb in the oear-UV; the^aliove-mendoned 
j|b scatter in this range. Oar silica glass is devoid 
« t)bstacles (Figure 1) well beyond the visible range. 
ksired geometry is easily obtainable either at the 
man stage or by marripiilation on the final glass. 

J^eciien - 

%bnolithic silica glasses were prepared by basic 
Si(bMe) 4> foUowed by slow (1 week) condensation 
t at room temperature following the procedure of 
11 ft6C*C^ was added prior to geltetion. The 
ken * glass in the form of a disk, 1 cm in diameter, 
was father Juried for 24 h at 65 9 C to remove 
iter and methanol. Front-phase fluorescence (X^ 
measured on an Aminco-SLM spectrtflnorimeter. 
gfcetta were recorded on a Cary-219 spectrometer, 
sition was carried out by placing the samples in 
, of a 1.6-kW halogen-quartz lamp, with proper 
tie^ng of <30anm Radiation dosage as measured 
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-JTency due to the Small Size of the Cages. The glass 
p sol-gel process is porous. However, the pore radii 
allet (1 5-10 nm) 11 than the near-TJV or visible 
% Tdi#n'&L The cages are probably even smaller than 
Psecliob 3 below);: Consequently^ the glass is trans- 
Vl). in comparison, the coirnnonly used dye carrier, 
ethacrylatc), filters light ^30 nm. 
^iobitityjrori the Ca&. It was important to establish 
#e molecules are indeed incorporated within the bulk 
Ifeffnd not adsorbed at the exposed walls of the pores. 
Sisofl jnirposes, an undoped porous gel glass was pre- 
mm then adsorbed onto its surface, as previottsly 
Wk doped gel glass -an* an adkorbeti; glass were then 
Ilk two leaching solvents; water arid methanol. 
'% fcer^een aawrbed arid solvated fcfiG Was reached 
H mefhahdl, slower with water) in the case of the 


-^fietehcr, K. H. Knippe, and M. B. Pirtrak, AppL Physi B % Tt. 
jjgj&d earlier papers iri the scries. 

brtxhage, Loser Focus, 35 (March 1973). 

MX/ 
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Figvre 1. Absorption spectra of rhodamine 60: ( ) 1.4 XI I IT 4 M in 

water. The dimer is dearly visible at 496 nm. (— ) 1.6 x lO^M in gel 
glass; ( — ) undoped glass. 
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Flturs 2. Emission and excitation (A* - 523 nm) spectra of rhodamine 
6G(— -) in solution (1.4 X lO* M) and <— ) iri gel glass (1^ X AO" 4 M). 
the dimer C—') is reproduced from Figure 1 for comparison purpose. 

adsorbed glass, and. the solvents were strongly colored. No de- 
tectable (by eye or by instrument) leakage of R6G was observed 
from the doped glass. It is thus eatabished that R6G is either 
completely trapped in a surrounding rigid case or that R6G 
molecules are trapped in , bottleneckipxjreai 1 * with rigid pore en- 
trances of diameter smaller than the effective diameters of 
.methanol or water (~4 A). 15 

3- Lack of Dimerizationas Reflecting Some Properties of the 
Cage, the dimerizations and. aggregations of laser dyes have 
gained an intensive and on-going study beeanse of the strong effects 
of these processes oh spectral and lasing rnnoperrieS. At ltT* M, 
in water, R6G is not ksing due to dimerization. 1 * Much con- 
trovery exists on the question of whether R6G dimers fluoresce 1 ^ 1 * 
or not. 1 * 20 It seems to us that the bulk of evidence agrees with 
Levshin's bid conclusion (1927 21 ) that dye aggregatidn is the basic 
cause for concentration quOTchiiig of dye lununescence, Drexbage 
pointed out 14 that not only do these aggregates riot fluoresce but 
they also reabsorb fluorescence from the monomer. Chibisov and 
Shtrnova have Shown" that fluorescence quenching in R6G ag- 
gregates is mainly due to efficient intersystem crossing. 

In view of all this, we found it of advantage that, when em- 
bedded in our glasses, R6G does not aggregate much beyond the 
limit of 1(T* M (moles of dye per liter glass) (e^g.. Figure. 1)- A 


(44) & Vnser* *Pe«sta Silica*. Elsevier, Arnslerdam, 1 979 

(15) A. L Mcdcttan and K. F. Hamabcrgcr, J. Colloid Interface Sci.. 577 
(1967). 

(16) K. H. Iheshagc Chapter 4 in ref 1. 

(17) J. E. Seiwin and J. I. Stcinfold, J. Phys. Chem.. 76, 762 (1972). 

(18) A K. Chibisov and T. D. SUrtov*, J. Photochcm^ a, 2S5 (1978). 

(19) & L. Chin, N. Ixclerc, and G. Bedard, Opt. Commuiu, 6* 264 (1972). 

(20) V. I~ Levshin and L. Y. Krotova. Opt. Spectroak^ 11, 457 (1962); 
E. O. Baranova and V. U Lcv«ain. Opt. Speclrbsk.. 1ft, 182 (1961), and 
reference* cited therein. 
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similar deaggre£atioh effect was observed when R6G was adsorbed 
on the surface of the porous glass, at least up to 10" 3 M (or when 
adsorbed on smectite clay* 3 ). Lack of aggregation is also evident 
from the excitation spectrum of.tbe doped glass (Figure 2). In 
solution, deaggregation of R6G may be achieved by using organic 
solvents, 2 * 21 mixtures of water and organic solvents, 3 *, and various 
water-soluble organic additives. 16 However, unlike silica glass, 
all these organic media are photolabile and actively participate 
to photodegra da don processes. 12 

The fact that in the glass R6G does not aggregate may shed 
some light on the nature of the local environment of the dye, 
although, as was the case with the question of aggregate 
fluorescence, controversy still exists on the role of water in causing 
aggregation. 16 Special attention was given to solvent dielectric 
constants as a stabilizing force, reducing Coulombic repulsion. 
However, as painted out correctly by Rohatgi and Singbal* 4 the 
(unknown) microscopic dielectric constant around the dye and 
not the bulk constant should be of interest. Arvan and Zaitseva* 
clearly demonstrated this point. Following Drcxhage and Rey- 
nold's argumentation. 26 it seems to us that much of the published 
experimental data points to a picture in which the higher the 
hydrophobicity of the dye, the greater its tendency to form ag- 
gregates. Consequently, a polycationic organic species, such as 
the R6G dimcr dication, is more easily watersolublc than a 
monocationic organic species. 

Two types of silicon groups probably form the walls of the silica 
glass cage: silanols (Si-OH) and siloxanes (Si-O-Si). 14 Both 
groups are indeed Of lower polarity and higher hydrophobicity 
than water. Leer makers has measured 27 the Kossowcr Z value 2 * 
of silica gel and found Z « 88; which is in between the values 
for methanol and water. The hydrophobiciry of silbxane surfaces 
is well established 29 For R6G attached to siloxane planes in clays 
we found an effective polarity resembling the lower-chain alkanols 
as reflected in absorption maxima red shifts. 3 The silica cage is, 
however, probably rich in silanols (and perhaps few residual 
physisorbed water molecules) as judged from the fact that no such 
red shift in compared to water (525 nm) Is observed- Taking 
into account Lecrmaker's measurement 27 and Chou et al. 22 
measurements in which water and methanol gave the same 
we felt that, if a comparison to solvents is desired, the cage may 
be regarded as a hydroxyile, relatively polar environment, less polar 
than water. 

The fact that no dimers are observed may serve as an indication 
to the size <?f the cage; roughty that of a single molecule, i.e^ tO 
A; otherwise, su Ski alt water, would be trapped (a) to form dimers 
at the high dye concentration employed and (b) to remove the 
dye from the cage wall as indicated by the experiment of leaching 
the adsorbed dye, so that the fluorescence' would not have been 
red shifted compared to water <ncxt, section). 
• 4. Cage Rigidity ahd Eluorescence Red ^fe/r. Red shifts (5-10 
nm) have been observed for: the emission maximum (Figure 2). 
This desirable increase in Stokes shift (from 30 to 40 nm) may 
shed more light on the nature of the silica cage. In most cases 
spectral shifts in fluorescence maxima are associated with the 
effects of solvent molecules haying sufficient time to reorient 
themselves around an equilibrium excited state. This new ori- 
entation is different from the solvent cage of the ground state and 
^corresponding FrajK^-Condon excited state. 30 " A silica glass 
cage is unique in that the only possible reorientation of the cage 
walls are rotations around the SHO-H bonds, i.e., relocation of 


<11> V. L. LevsMn, Z. Phys.> 43, 230 (1927). 

(22) G. Chan and Z. Xingkana, Actit OpU Sin.. 3, 64 (1983). 
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Figure 3. Phot odecomposition of rhodamine 6G. A /A* 
decrease in intensity of either absorption (A in water, m « gfa 
emission (A in water, O in glass). Concent rati an in watec 
glass: 1.5 X 10~* M. All fluorescence measurements, including^ 
were by front-face geometry, and comparison to f = 0 M*} cania 
repeatedly for each point. Sec also Table I. 


TABLE I: 


6G Absorption and Fluorescent* 1 


*i/3. h 


fluorescence in water 86 8.1 1 ± I 

absorption in water 1 1 1 6.25 ± i 

fluorescence in glass 622 0.1 1 

absorption in glass 235 2.95*1 

hydrogen bonding to the dye. Under this restricted 
the rotational movements, of the molecule* rather 
rounding*, become important in excited-state st 
interactions with* the cage. As discussed above, the 
are less polar than water; this was further corral 
fluorescence red shift, such as observed also in ni 
vents, 1 These red. shifts may be interpreted as 
in the dipole moment of the excited molecule. 30 A] 
restricted motions of the silica walls and of the dye 
for the desired stabilizing mutual reorientation. 

3. Absorption ami Fluorescence Photostability 
expected, in view of the material presented so far, 
increase in pbo testability: trapping of the dye mj " 
phrjtcdecompositkm products, and other impurities; * 
and reduction of both vibrational and rotational no 
dissipation all contribute to the enhanced stability, 
first-order decomposition** 31 analysis, under the 
scribed in the Experimental Section, revealed the 
in Table I and ia Figure 3. In water, the fl 
falls faster than absorption intensity. This is due 
sensitivity of fluorescence to a steady increase of 
position products. In glass, however, this order is 
fluorescence, intensity decrease is much slower thaje 
intensity decrease. This interesting phenomenon may>] 
understood by noticing that, in the bleaching pro* 
transformed into colorless products. 31 Therefore, « 
the glass fluorescence by a front-face geometry, new 
of undestroyed R6G molecules are constantly expos 
emission is not blocked by the transparent photod 
products which are trapped in the upper layers, 
renewability of doped glass layers, which amounts to 
in the apparent fluorescence stability, seems to us : 
practical consequences such as for dye blocks fc 
Absorption sp^trosciopy, oh the other hand, reveals 
decrease in number of dye molecules along the 
length arid hence the difference in apparent d< 
testability, compared to fluorescent measurements^ 

Comparative measurements by transmission fluoresacij 
at 180° or at 90*. are impossible at this preliminary. $M 


(31) I. P. Kaminov, L. W. Stulz, E. A. Chandross, and C. A; 3 
Opt.. 7, 1563 (1972). 
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|gh dye concentrations employed and due to scattering 
5 atfges. Optical improvements are in progress, 
pftential uses of fluorescent gc l glasses io photoprocesses 
Sfcs are numerous. Examples are lifiht guides for lasers 
lununescent solar concentrators and.fflters for linear and 
F * optics. These and other uses as well as the material 
in this paper are patent pending. 
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itional Spectroscopic ShKly of the InterlameHar Kaollnlle-Dlmethyl Sulfoxide 
ilex 
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The intercalation complex invoking the layer silicate kaolirote and dimethyl sulfoxide (McjSO) is studied trough the combined 
application of Ramai and infrared abBorption spectroscopy. The spectral data indicated that the MejSO inokculcs were 
in a restricted, highly ordered interlamellar conformation, with the oxygen of the sulfonyi group hydrogen bonded to On 
nouns in the gibbsite^heet surface of kaoliirite and the sulfur atom of the group keyed into the diagonal cavity on the opposing 
iUcxane surface of the mineral. The methyl group in the intercalated molecule appeared to be influenced by both of the 
opposing mineral surfaces to the extent that vibrational degeneracy in the CH stretching modes was bfted. 


tty of interlamellar layer aluminosilicate surfaces to 
.ate organic molecules and modify the structure and 
; has prompted renewed interest in clay minerals as 
catalysts.*"* Of importance equal "to the chemical 
j» catalyzed by interlamellar surfaces are the structural 
pons that. they induce in intercalated organic species. 
' ' turbations provide a means of investigating the structure 
Lvity of clay mineral surf aces themselves, similar to the 
I morganiCjSpecies as probes in electron spin rcs- 
tdies of interlamellar layer silicate surfaces. 43 
4 (IR) absorption srjectroscopy has been the only vi- 
Ispartroscopic method used previously to study interca- 
^mplexes formed ^between clay minerals and organic 
ids. Although the fit technique is characterized by a high 
to low concentrations of adsorbed Bpecies, 6 it is limited 
s ,j|f tlfepparity of ihe adsorbent 7 -* This restriction is 
[y evident in studies of adsorbed species on clay minerals 
l^s, where strong IR absorption bands below 1300 cm" 1 . 
d with framework vibrational modes, can obscure a 
tble portion or the IR spectrum of an adsorbed species. 9 
it, the framework vibrational modes of clay minerals 
j. are only weakly Raman active. 10 - 1 1 Thus, Raman 
jpy may be useful for studying the vibrational spectra 
iiheral intercalation complexes. The objective of the 
^apcr is to exploit this possibility by investijgating both 
itional Raman and IR spectra of the kaolmite-dimethyl 
,J (MejSO) intercalation complex, with emphasis placed 
inique ability of the Raman technique to probe vibrational 
^Idw 1300 cm" 1 . 

[Site, a 1:1 layer aluminosilicate* 11 has been observed to 
Ltea relatively large number of polar organic compounds 
dimethyl sulfoxide; 1 ^ 13 fprmarnide, TV-mewyUcrmamide,, 
rifontianiide, and acetamicW*- 1 * and pyridine TV-oxide.* 0 
iihnte-MejSO cKmipiex s^o^^proVide an especially good 

ftrocnt of Soil and Environmental Sciences! 
ftinenl of Cheirusuy. , ^. , , 

&*» correspondence to this author at the Center for Non-Linear 
MS B258, Lob Alaxaos National Laboratory, Lou Alamos, NM 


example for a cornparativie Raman-IR study because of the high 
stability of the complex relative to other kaofinite intercalation 
complexes," the appearance of well-defined* discrete bands in the 
hydroxy! stretching region of the IR spectrum of the complex, 14 
and the high Raman activity of many of the vibrational modes 
of MeaSO? 

True intercalation of MejSO into kaolinite, as opposed to 
multilayer adsorption on external surfaces, has been confirmed 
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